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Over the last decade the introduction of reasonably

pnced and reliable renewable energy systems has made
it possible for agricultural enterprises In the developing
world to tap local renewable sources of fuel — sunhght
wind blomass hydro and geothermal — to supply elec
tncal and thermal loads A number of international na
flional and local public and private sector organizations
are now working with agncultural enterprises in the de
veloping world to effectively infegrate renewable energy
systems USAID s Office of Energy Environment and Tech
nology has commissioned this guidebook to highlight a
few of the Agency s programs and to help communicate
the considerations and some comparnsons in the selec
tion of alternative renewable energy systems for agricul

fural applicafions

Dr Paul Kimas Team Leader Renewable Energy
Office of Energy Environment and Technology
U S Agency for international Development
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It 1s impossible to envisage an effective food cultivation
and production system, or an efficient tfood processing
and distribution system, without the energy nputs that
make these systems operate There 1s a close correlation
between the quality and quantity of the food an agricul
tural enterprise produces and the quality and quantity of
the energy used to “turn the wheels” of the agricultural
process

Throughout the developing world, rural areas’ lack of
rehiable, efficient energy linuts the ability of agricultural
enterprises to develop economucally Adequate energy
supplies do not reach these rural enterprises for many
reasons, including the high cost of providing fuel and
maintenance networks to supply conventional diesel gen

eration equipment, the often prohibitive cost of grid
extension to remote regions with dispersed populations,
and the lack of access to, finanang for, and tramning 1n
renewable energy generation technology As a result, ag

ricultural practices in the developing world remain largely
based on human and amimal power, two traditional
sources of power with major drawbacks Human muscle
requires extenstve food and care relative to output The
productivity of anumal muscles 1s also relatively low com

pared to food and care requirements, and using animals
as a source of labor can ulumately lower milk and meat
production

To ehminate human drudgery and increase agricultural
productinvity, there 1s a strong need for sustainable, effi
aent energy mputs Agricultural operations can benefit
from renewable energy technologies 1n several funda
mental areas (1) opening access to new or enhanced
techniques that improve agricultural vields (land prepa
ration, planting, wrigaton, fertulizing, and harvesting)
and quality of life on the farms (hghting, health, and
educaton), (2) opening access to post harvest enterprise
opportunities (transport, processing, storage, and pres
ervation), which add value to the farm products and
provide 1ncome to the operators, and (3) adding value
to agricultural waste

Renewable energy systems — based on energy sources
such as biomass, water, wind, geothermal, and the sun
-— can provide clean, sustamnable energy for many critical
agricultural needs The systems can be easily sized to
meet the exact energy needs of an agricultural operation
and designed to offer easy mamtenance, use local fuels
— which do not require scarce foreign exchange to pur
chase — and are usually environmentally benign On a
lifecycle cost basis, renewable systems have proven to be
the least cost alternative 1n thousands of agricultural ap

plications worldwide under a broad rangc of diverse op
erating conditions

The U S Agendy for International Development s
(USAID) Office of Energy, Environment, and Technol
ogy (EET) spearheads the U S government’s etforts to
help developing countries design and execute programs
that are directed at overcomung market and mstitutional
barriers to the expanded use of renewable energy sys
tems USAID activities in renewables can be drvided into
SIX categories

1 Supporting the adoption and implementation of
policy or regulatory changes that clarify or establish
nights and mcentives for renewables

2 Tramng entreprencurs, operators, technicians, policy
makers, and financiers 1n all aspects of the develop
ment of renewable energy projects and programs

3  Fostering the start up of new renewable cnergy busi
nesses and mobilizing existing business entitics to
pursue renewable energy

4 Leveraging increased financial commitment to
renewables from the public and private sector

5 Sumulating the establishment or strengthening of
host country nonprofit wstitutions for the exphut
purpose of promoting renewables

6 Dissemunating the lessons learned (or techmal n
formanion) on how renewables have been uscd et
tectively

USAID executes programs n each of the six catcgories
designed to promote the use of renewables 1n agricul
tural applications where they are economically and tech
nically competitive

This guide provides a general mntroduction to the role
renewable energy can play mn the development of agn
cultural operations While the gwide 1s not meant to be a
design manual, 1t can provide a useful introduction to
renewable energy systems The links that aie included at
the back of this guide point the reader to orgamzations
that offer additional information on determiming the
most appropriate renewable energy system to meet spe
cific tequirements of an agricultural enterprise



Applications

Dyvigation 1s the second most energy intenstve
actvaty wn agrculinie, following fertihization
Limgated land must tncrease substantially of
food production wn the developing woild 1s to be
dramatically inciensed The low econonric
Sfeastbiliey of vrigation m signsficant aseas of
the developing world 1s the greatest obstacle to
agricultural expansion due to igher inttinl
investment costs, low crop intensities market
Danstations on crops, and the lack of an
wrgation tradition

The advent of cheap, dependable, renewable
energy powered motor and pump sets bas
1evolutionzed wigation In many parts of the
world gravity flon technigues cannot 111 yate
lnrge tracts of land cconomcally Small,
renewable encigy powered pump sets have begun
to play o crstaal vole tn augmenting the land
available for food production In the photo below
a farmer and bis childien on the Iland of
Sumba Indonesin fiolic in the sprav of the
Sfaim’s trrogateon system The water fov the
wmpact spranklers 1s pumped from a well by a
Bergey Wind Power 10 kilowasts (kW) water
pumping systeme The spsenlklers supply water to
two fields and the farm’s lvestock Water from
the pumping system s also used by the farmes
and hs famly to wash clothes and take showess
The progect was dessgned with technical
assistance from Winsock Inter natronal —
supported by USAID’s Office of Energy
Envitonment and Technology — and funding
Sfrom USAID/]Jakar ta

Water Supply

Sate rchable, and convenient wata supplics — whether
for drinking, processing 1rrigation, or hivestocdk — aie
critical for the development of agiicultual cnterpriscs
In spite of technological achievements, many small scalc
agricultural enterpriscs 1n rural areas of the developing
world rely on manual labor to collect, pump, and/o1
distribute water Surface water collected from such sources
as lakes and strcams 1s pronc to contamimnation In adds
tion, the vesscls used to draw and transport wata from
sutface sources or from hand dug wells may induce con
tamination

In areas where the water table 1s deep, wdl volumes hugh,
and resources widelvy dispersed, the physical burden on
the ammals and/or humans powering the watcr pump
g and distribution systems can be overwhelming and
inefficient This excess load can ultimately lower thar
ability to perform other tasks

Photovoltaic (PV) and wind powcred watcr pumping and
distribution systems are likch to be more competitive
compared to human o1 amimal powercd water lifting o1
distribution mcthods Thesc tcchnologies are also the
economuically 1ational chorce when compared to conven
tional diesel gencrators in areas wherc tuel supplics and
mamtenance are expensine As a tesult of these benctits,
hundreds of PV and wind powcred pumping and distr
bution systems have been nstalled worldwide, supply
ing water for human consumpuon, hvcstock, and small
scale irngation

The size of the renewable cnergy power system required
tor watcr delinvery depends on the daily volume of wata
required, the rencwable resource availlabihity (hours and
intensity of sunlight, avcrage wind specd, cte ), the sys
tem cthiciency, and the total pumping head The daily
water consumption depends on the mtended use Siz
mng of a renewable cnergy based clectric pumping system
should bc based on monthlv or yearly data tepresenting
the rcnewable fud source avallability and the total water
requirement Fxammmatnon of monthly or vearly data can
be used to identifv those months during which the wa
tet demand 1s highest and thus determine the mavimum
size of the system nccessary to meet the demand Water
pumping svstems should dso be sized to wccommaodate
cxpected demand growth to the ovtene that 1t s ceo
nomicilly fowble



Mid- and Large-Scale
Drying and Processing

Agncultural processing 1s a kev economic activity in most
developing countrnies Processed agricultural commod:
ties are a major source of foreign exchange, employment,
and industrial development

Mid and large scale agricultural processing mdustries are
a major consumer of fossil fuels As energy costs begin
to donunate production costs, these industnes are turn
ing to previously unused or underused agricultural resi
dues to meet their thermal and electrical energy needs

The mmual cost ot agro residue fired plants 1s usually
slightly higher than conventional plants On a hifecycle
basts, however, thev generally produce thermal
and/or electrical energy at a lower cost than fossil fuel
tired boilers even 1f the biomass tuel stock has to be
dried or pretreated betore being used as a fuel

A numbecr of energy comversion devices are commer
cally available that use agricultural residues — such as
bagasse (sugar cane residue) ground nut shells, cotton
hint, coconut husks, rice hulls, and palm o1l — as feed
stocks Available comversion technologies indude direct
combustion, anaerobic digestion, and biomass gasifica
tion Still, a great variety of agricultural residues (e g,
olive pits, coffee waste, cacao caboose, and o1l palm ears)
remain under utiized and the efficiency of current en
ergy production methods can be greatly increased

High efficiency, biomass residue based electric genera
tion systems can be linked to a grnid The sale of excess
electricity can help an enterprise increase its revenue
stream, expand off season employment, dispose of accu
mulated residues, and increase the supply and rehability
of local power

Agricultural processing industries with high hot water
requirements, not located near sources ot cheap, com
bustible agricultural residues — such as dyeworks, spin
ning and weaving factories, and food processing plants
— typically use electricity, hquetied propane gas (LPG),
and/or fuel o1l to meet their thermal requirements All
of these are costly and often requuire imported fuel, which
can further increases their price Proven, cost effective
renewable energy systems can be used to meet the ther
mal needs of agricultural processing industries
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USAID s smplementing a $19 million
Greenhouse Gas Converston Pollution

Prevention Intrative wn India in collabos ation
weith seveval Indian and U S public and private
sector partners, including Winrock
International A principal component of this
wnmatiative 15 the Advanced Bagasse Cogeneration
(ABC) Program Untiliecently most sugar mall
bagasse combustion systems 1n India weve
desygned to meet the electsrciry and thevmal
needs of the mull The ABC Program is helping
Indwan sugar mills like the Tamil Nady faciliry
wn the photo above desygn bagasse based

cogenes ation systems that maximize combustion
and electrical ontput, operate ths onghont the
year, and have the potential to supply electriciry
10 the grid

USAID’s Office of Energv, Environment and
Techmology also sponsored Winsock International
to execute a sevies of policy studres and technical
assistance projects desygned to open the maskets
for bagasse cogener ation wn India These
actwvsies led to breakthroughs i power purchase
pricong 1n all of Indwa’s kev sugas producing
states, providing durect 1ncentives to investments
w cane cogenes atton Almost 300 MW of
wnstalled capacity can be tred ro USAID s work
. promoting bagasse cogencei atron 1 Indin



Wanzock International’s Renen able Energy
Project Support Offices (REPSOs) ave pai t of
the orgaszation’s strategy to help local prople

[find appropriate and environmentally
sustanable solutions to thess energy and mcome
needs The REPSOs — managed as local
organizations in coordimation with Winrock
and par tially funded by USAID’s Office of
Energy Envionment and Technology — foster
COOpEt ALION AWMOTY JOVLI RINENE AFENCIES, Private
enterprises, nonpr ofit o1 ganizations, and
communities tn common pursut of hai nessing
proven technologes for sustarnable energy
development

In the photo above Benjamun Quic picks shade
grown coffee on a cooper arve 1n Guatemaln
Quue s cooperative jorned fosces nith Wanvocl ’s
REPSO n Guatemala (Fundacton Solar) and
Guntemala’s National Assocriation of Coffes
Producers to execuste a project that studies
Iinkages between trading coibon peswmats and
the sustmnabilsty aspects of small siale coffee
production chawns in Centyal America
Fundacion Solar 1s also wmvolved wn serernl
projects 1 elared to browmass use 1 coffee processing
as well as in assisting small coffee processors in
Guatemala to 1mpr ove cnergy consumption
provessing facilities and to develop systems that
will make bromass supply nzore sustarnable 1
years Lo come

Small-Scale Drying and Processing

Crop diving ind processing 1s particaluly important tor
small scale gncuttunal opanitions s 1t ¢ substaintilly
mercise potentil profits — processed crops usunlly terch
a highcr market price

Workers on small scile operitions otten e the enat

moush ttme consuming nd - bk braakimg chores of
manuil mulling and hulling The hand milled kerndds ot

ten braik towcering thar sde value Aatmal powered
grinding 1s often an mcthiaent altanative s 1t requnes
large mputs of food ind todder per it produced Sole
reliance on human and animal musde not only places a
burden on the laborer, but also restricts the small scale
agricultural enterprisc trom oxplonng other more enagy

mntensne food processing options, such as ol cxpllling,
roastuing, and packaging

Tradinional methods of open air dryving invite contami
nation and losses trom birds, insects, and rodents and
can result in uncven drying, which can drasnically reduce
the sale value of the product

Renewable energy technologies ofter etfiuent and cost
effective techmques for small scale drying and process
ing of agricultural commodities For (xample simple so
lar and bromass fired crop drycrs can significantly 1educc

crop losses from uncven drying and/or animal scaveng
ng

Addihonail Applications

Water Treatment — Readily accessible clean water for
drinking and hygiene 1s a common and scrious health

concern on agricultural opaations i the developing
world

A numbcr of low cost, nonclectrical means of treating
water are availablc to make 1t safc for human consump
tion Pasteurizavion and distllation arc two common f
fective methods for treating biologically contaminated
water Watcr or mitk may be pasteurized bv heating 1t to
65° C (150° F) tor 30 minutes or 71° C (161° F) for
15 seconds DPasteurization disinfects microbiologieally
contaminated water and muk by killing viruses, bacteria,
and protozoans Distillation will remove bactenal, viral,
and chemical contaminants from brackish or salt watcr,
making 1t drinkable



Renewable energy sources can be tapped to treat water
For example, pasteurizaton may be achieved by placing
water or milk contamers in solar cookers Solar thermal
energy 1s used to heat the water in the cooker by means
of insulation and reflectors under a transparent surface
Solar sulls disnll water by heating 1t to form steam and
then allowing 1t to condense back to water These solar
energy-based systems are good alternatives to using wood
stoves to boil water, as they do not requre scarce biom
ass fuel resources to supply heat

More sophisticated means of water treatment generate
higher volumes of potable water and are effective 1n elim
nating a wider vartety of contaminants Two modern
forms of water treatment, ozone treatment and photo
chemical (UV) disinfection, both have very low electrical
power requirements and are therefore easily powered by
small scale renewable energy systems, such as PV or small
wind turbines

Laghting — Electnic highting offers a quality of hght with
which tradinional sources, such as gas and kerosene, can
not compete Kerosene lights are also known safety haz
ards and contribute to unhealthy indoor air quahity Elec
tric ighting can extend an enterprise s hours of opera
tion, 1ncrease commumnty safetv, and help improve other
personal residential and professional conditions

When using a renewable energy system for highung, en

ergy efficiencv 1s the key to rehabihity and aftordabiliny A
dollar spent on efficiency will generally save many dollars
1 total systems costs Compact fluorescents are the hights
of choice for renewable energy systems, giving four umes
as much power per watt consumed as incandescent bulbs

With an expected service life of 10,000 hours, they can
last 10 tumes longer than incandescent bulbs

Communications — Radio, radiotelephone, and televi
sions pravide market news/data services that can help
strengthen agricultural enterprises, including helping aug
ment the formal and informal education of the staff that
manage and work them Radio and television systems
broadcast educational programs and mtroduce agricul-
tural workers to events and changes happening outside
therr local area

Data monrtoring 1s a spectalized commurmcations applica
ton that requres tramned technicians The information
it provides, however, can often yield significant benefits
for agncultural enterprises For example, momtoring -
struments provide data on precipitation levels and inten
sity, river levels, humidity, soill moisture, leaf wetness,
and many other factors This data can help farmers prop
erly plan for planting, harvesting, and wrngatng crops as
well as imely pest management applications

Basic communications systems require very httle electric
energy Stand by power consumption may be as httle as
2 watts (W) Power consumption for transmitting and
receving are usually higher, on the order of
30-100 W, but generally are for a very short nme span

A single 30 W PV module can provide suffiuent power
for reliable communications via VHF radio or a telewt

sion, while larger renewable energy based generation
units can power microwave repeater stations and satellite
ground systems

Electric Fences — PV 1s now the technology of choice to
power clectric fences, as 1t eliminates the frequent re
placement of expensive batteries, increases system reh
ability, and 1s a portable power source

The installation of a photovoltaic module will provide the
electncity needed fo power a ighting system in thuis home in
Guatemala

. Electric hghting offers
a quality of hight with
. which traditional

| sources, such as

| kerosene and gas,
cannot compete
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This scetion gives a buiet overview ot scveral of the re
newable cnergy technologies typieally used in agricul
tural applications

Z o A L WV TR RO ..,
Workers bale cane frash for the Mohan Brewernes and Dishilleries
Limited bagasse cogeneration facimty in Tamil Nadu India

.

High-quality biomass
combustion systems
currently generate hot
water, steam, and
electricity for industries,
including forest products
and food processing,
electric utilities, and
specialized markets

Biomass

Bromass 1s a tcrm that broadly cncompasses plant matta
and ammal waste usced for energy production  Biomass
mav be used 1n a numbcr of wavs to producc encrgy, the
most common buing combustion, gasification, fermen
tation, and anaetobie digestion Biomass combustion 1s
the direct burning ot any plant mattcr The thermal our
put can producc direct heat for cooking or crop drving,
torging kulns, hcating water or raising stcam n a boiler
for dectric power production or idustinl processes
High qualinn biomass combustion systems curtently gen
aate hot water stcam nd dactian for industiies
cluding forest products ind food processing dlectric unily
ties and spcailized markers such 1s rice and sugu mills

In gwtication bromass products e hawted o ow
gen starved environment and decompose without burn
g gencrating 2 volanle gas ailled producer gas This
gas mav be used m 1 furnice (dircet har gasthation) o
in an internil combustion cngine Thousinds of gaah
atton svstems hwe been mstalled a sites 1inging hrom

pulp and paper mulls to Trge saale agricultunt processing
faclities

Biomass feedstocks can also be converted into valuable
cnergy products through fcrmentanion The starch food
stock 1s broken down into sugar with enzvmes The sugar
1s then exposed to veast or bactenia that converts 1t into
ethanol and carbon dioxide A distllation process gener
ally removes cthanol trom the fumented iquid  Ethanol
1s being used as a fud for modificd internal combustion
cngines, as an octane cnhancer, and as a gasoline substi
tute

A fourth biomass e¢nergy conversion system 15 anacrobic
digestion In this process, manure, agricultural residucs,
and/or speaallv grown crops are fid into 1 scaled con
tamner called an anacrobic digester or biogas plant, where
they are broken down bv spcaal bacteria The gis pro
duced 15 50 to 60 pcruent methane The methane can
be combusted to supply thermal capacity or to supply
steam for a gcnerator

Biomass Power

Anaerobic Digestion
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Photovoltaics

PV uses semiconductor solar cells to generate direct cur
rent (DC) from sunhght When combined with the ap
propriate balance ot systems components, PV can be used
to supplv power tor anv electric application PV systems
have no moving parts and thus require mimimal mamte
nance, and the fuel source — sunlight — 1s free

PV power systems consist of the PV module, the sup
porting structure, and the balance of system components
A PV module 1s a series of semiconductor solar cells that
are connected together Depending on the application,
a number of modules can be combined to form a PV
array Through this grouping technique, PV systems can
casily be talored to meet the exact needs of an applica
tion

PV output 1s usually measured 1n peak Watts (Wp), which
1s the electrical output of the system at approximately
noontime, or when the sun’s intensity reaches its peak
System outputs can range from a few peak Watts to a few
hundred peak kilowatts (kWps) This rating 1s a function
of both panel size and panel efficiency

wind

Wind turbines convert the energv 1n the wind to rotary
motion, which in turn powers a generator to directly
produce electricity or a drive shatt Small wind svstems
are available 1n sizes that produce a few hundred watts
Larger sized turbines of up to approxuimately 1 megawatt
can be erther used as a stand alone system or combined
with others to form a windfarm

While wind turbines need somewhat more maintenance
than PV arrays (primarly due to moving parts) the ma
jority of commercially available svstems require minimum
maintenance and the fuel source — wind — 15 tree

When wind turbine production 1s highlv variable duc to
resource variance, wind turbines can be combined with a
PV array or diesel generator to ensure energv produc
tion at fimes of low wind speed These combned svs
tems are known as hybrid systems

Wind and PV systems are supplying power on hundreds
of agricultural operations throughout the world

wind
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Balance of System Components

PV and wind systems provide mntermuttent, variable, DC
current Therefore, for the majority of agricultural applh
cations, PV and wind systems requre balance of system
components, such as batteries, inverters, and control
lers

Batteries store energy m a chemucal torm tor later use
For remote power appheaations deep evele batteries are
generlly recommended Shallow ovele battenes such s
air batteries are generily not recommendad because
thay can only be discharged to 1 80 90 percent state ot
charge ind only 1 handful of deeper discharges will of
ten destroy them

Inverters convert DC to alternatung current (AC) This
capability 1s needed because PV panels and wind tur
bines produce DC power and most common electrical
applications require AC power For off grid applications,
the inverter must have stand alone capacity and high
conversion efficiencies, especially at partial loads

Controllers act as the brains of a renewable energy sys
tem Controllers route the energy through the system
components to the load The complexity of the control
lers necessary for a renewable energv svstem depends on

the size and complexity of the system and the prefer
ences of the user

Small-Scale Geothermal

Small scale (under 15 MW) geothermal systems are clas
sified according to thewr thermal and hydrological char
acteristics Numerous geological and physical factors —
including the structural setting of the site, its predom:
nant rock type, porosity and temperature distribution
of the rock — combine to make each site and system

Moderate temperature geothermal fluids are used to dehydrate
fropical frut in Guatemala

unique The systems that are most attractive economi
cally are those 1in which the above factors combine 1n a
favorable way

Geothermal resources can be used directly or indirectly
bv transformung thermal energy into electrnicity The higher
the temperature of the heat bearing fluid, the wider the
range of practical applications High temperature (above
100° C) geothermal fluids lend themselves to indirect
applications, such as electricity generation and direct ther

mal applications, such as water distillation and industrial

scale evaporation Low temperature (below 100° C) flu

1ds lend themselves to direct thermal applications, such
as heating greenhouses, drying food and lumber, raising
fish, and providing water for cooking or bathing Geo

thermal resources are being used 1n a broad range of
agricultural operations worldwide For (xample, n the
photo above, women 1n a food processing facihity in Gua

temala rely on moderatc temperature geothermal fluds
to provide the thermal load nccessary to dehydrate tropical
fruit to produce snacks and ingredients for the making
of bread, cereals, and other food products

Small-Scale Geothermal

0
. Direct Heat Crop and Lumber Drying  Aquaculiure
Geothermal Agro Processing
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Solar Thermal

Solar thermal energy systems capture the sun’s energy
and convert 1t to heat There are two major types of
solar thermal energy systems active and passive Active
systems use a pump or blower to circulate water, air, or a
heat exchanger fluid 1n a collector where 1t 1s heated by
the sun’s rays Active systems are broadly dmided nto
flat plate systems, generally used for heatng water or air,
and concentrating systems, used for producing higher
temperature fluids or steam The most common active
system applications in agricultural enterprises are heating
and purifving water, food processing, and crop drying
The term “passive solar system” 1s commonly used to
describe climate sensitive architectural designs, in which
the building 1tself 1s used to bufter the interior from
outside chmatic swings

Micro- and Small-Scale Hydro

In a2 micro (under 50 kW) or small scale (between
50 AW and 15 MW) hydropower project, falling water 1s
directed against a turbine, which 1s rotated by the force
of the water The spinming turbine 1s either coupled di

rectly to a load, such as grinding or milling, or con
nected to an electric generator set to supplv clectricity
Hydro systems can provide continuous power as long as
the water resource 1s suffictent In the past decade, 1n
creased attention has been gnen to micro and small
scale hydroelectric plants that have minimal impact on
the water resource eco system Micro and small scale
hydro systems have no fuel costs, are nonpolluting, and
typically — when developed and managed correctly —
have lhittle environmental impact Micro and small scale
hydro systems are supplying power 1n a sustainable man
ner to agricultural enterprises throughout the world

Micro- and small-scale
hydro systems have

no fuel costs, are
nonpolluting, and
typically — when
developed and managed
correctly — have little
enuironmental impact
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System Selection

The main constdcrations duving system selection arc load,
1esoutce, quality of service, and cost

Load — Systum components must be sized so that a sys
tem can deliver the pcak load PV components are most
compctitive 1t meetng small cectric loads Wind, solar
thaimal, hydro, geothermal, and biomass svstems be
com¢ more competitive with somewhat larger electiic and
thermal loads Diurnal and seasonal load variations mav
1lso nfluence component sclection

Resounr ce — Obviously, the available resources greatly 1n
flucnce the conhiguration and costs of an energy system
A good wind resource will favor the use of wind tur
bines, a good biomass resource will favor the use of a
biomaiss system A cential consideration 1s the variability
of the resource both scasonally and daily Most locations
xpurtence scasonal varniation m wind specds, hydrology,
and the biomass 1csource, but not in the geothermal
1esouree These variations make 1t ditheult to get consis
tent production from wind systems Biomass and hydro
resources can often be cheaply stored foi long periods of
time to delnver a continuous source of electniaty — Solar
systems have the 1ssue of daily vanation that must be
dealt with

Ounality of Service — All rcnewable cnergy systems re
quire monitoring to cnsute that a high quality of service

1s maimntamed Although the componcents of small scale
PV, wind, geothcrmal, and hyvdro systems may be casy
to maintain, the balance of systum components 1equire
occasional supervision and mamntenance Mcdium  and
large scale renewable cnergy generation umts require daily
supervision The abscnce of the necessity to constantly
dehver fud (except 1n the case of biomass bascd systcms)
1s a major benefit that positively affects the quality of
service 1n renewable energy systems

Cost - The mstalled cost of anv rcnewable ¢nergy system
depends on the hardwarc and software selccted While
these upfront capital costs arc often higher than the 1m
tial costs of fossil tucl bascd systems, the savings in main
tenance and fuel costs in the long term can iesult m
substantial savings ova the hife of the svstem

A common aror when ovaluanng energy svstems 1s per
forming simple cconomic analvsts based on the mitial
cost and short time petiods Because the total cost of a
project 1s the sum total of 1ts mmnal and futurc costs, hifc
cvcle cost (LCC) analysts 1s morc appropriate. LC C analvsis
includes imnal capital costs and 1l the futurce costs (cquip
ment replacements operation and mamtenance {O&M],
and fucl) LCC 15 a usctul tool that allows for 1 fair com
parison of the economics of renewable energy and con
venuonal technologics

The case studies on the tollowing pages, daveloped by
Sandia Nanonal I aboratorics and Southwest Texas State
Unnversity demonstrate two applications from the Mexico
Renewable Energy Program where a rencwable cnagy
based system 15 thc most cost competitive option on an

LCC basis

The Moxico Renew able Frergy Program 1s a jomnt initia
tnve supported by USAID /Mcevaco, Government of
Mcuuaco, USAID s Oftice of En

Mexico Renewable Energy Program

for hvestock crop irnganion rainch communitics and pas
ture urigation as well s pownet clectie fonang

crey Fmvnonment nd Tochnol
oy and the U'S Deputment of
I narey s Sandiny Nawonml T ibo
Ttones The progrum s goals e
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cnaagy tedhnologres m Moo — BN I N
£ N g ) Mavco huoalrads putiapaited in

thaeby aypanding matketes ton o A0 N Ty X<
: - FIBFL AT the progiam Morc than 50 000

both U'S and Movicwn mdustries 4 =

The first stace of the prograim s
pilot phse dewigned to msarution
5 th7¢ 1enawable enurgy technolo
cics i1 number of productine use
pplicitions m rurd uos Mo

AMoviaans have benefitted from the

wd increase the use of renewable
enugy technologies as a mechanism for combinng glo
bal dimate change espeaally greenhouse gas emissions

Onc ot the program’s punapl focus ueas 1s agricultual
development To date a number of PV and wind pow
c1ed systems have been installed to power wata pumping

200 renewable energy svstems n
stalled this vear and the progiim tcam has identified 1
potential market 1n Mcuco ot more than US$T hitlion
tor 1encw able cnagy technologies many of which arc n
agricultural apphcations
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Case Study

Jeromin, Chihuahua, Mexico
Livestock Water Pumping

A good example of where a PV system is a mole
etficient chorce than conventional technology 1s the
Jeromin ranch site in cential Chihuahua, Mexico

The system owner previously operated a diesel gen

erator to provide an average of 15,000 hters of
water daily for his ranch The generator consumed
20 liters of fuel per day to pump the 15,000 liters

An 848-Wp PV water pumping system was installed
n March 1997 under the Mewco Renewable En

ergy Program The PV system is composed of 16
Solirex VRX 53 modules, Grundfos SP3A 10
pump, and SA-1500 controller N

The results of the LCC analysis are provided in
the figures Figure 1 shows the present value of all
the future operational costs of each evaluated tech

nology The imtial capital costs 10 Figure 1 are twice
the amount of the conventional technology, but
m a 20-year pertod, the LCC for the conventional
technology 1s four tumes the amount of the PV
system The mawn factor causing this cost differ-
ence 1s the fuel consumption by the generator The
fuel costs represent 78 percent of the total LCC
for the conventional technology system Figure 2
shows that m spite of higher mutial costs, after two
vears, the PV system actually represents a lower over-
all cost

Figure 1

LCC Assumptions
Jeromin Chihuaghua Mexico

Economic Parameters

Average discount rate

Average inflation rate

Average fuel escalation rote

Real discount and fuel escalation rates

PV water pump- Convenhonal system

Inthal capital cost

Ing system (15 kW generator &
(848 Wp) AC pump)
$10 49 $3785

Replacements

Grundfos Pump

AC Pump - 6 years

Inifial
Capital
Costs

Equipment
Replacements
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Agua Blanca, Baja California Sur, Mexico

Livestock/imgation Pumping

Agua Blanca 1s a hvestock/un1igation ranch with
semi desert vegetation, locited 120 kilometers
north of La Paz, Mexico The ranch’s operator has
1,001 hectates, with 25 hectares in buffalo grass
As part of the Mexico Renewable Energy Program,
an 800-Wp PV water pumping system was mstalled
m Maich 1998 to replace an 8 Hp gasolme motor
pump, which consumed an average of 2,000 hters
of fuel per year The new PV water-pumping sys
tem 15 composcd of 10 Kyocera KC 80 modules,
Solarjack SCS 14 160 pump, and controller

LCC Assumptions

Agua Blanca Baja Calformia Sur Mexico
Economic I:or(;n‘weAk-::rsi - ]

Average discount rate 20%

Average inflation rate 137

Average fuel escalation rate 137

Real discount and fuel escalation rates 7%

The 1esults of the LCC analysis are provided in PV water pump | Conventional system
the two figures Figure 3 shows the present value ing system (6 0 kW gasoline
of all the future operational costs ot each evaluated (800 Wp) motor pump)
technology In this case, the mitial costs aie ap Inihal capital cost
proumately twice the amount of the conventional Initial system cost | $9 250 $2018
technology, but i1 a period ot 20 years the LCC Imgationsystern | $1 325 51329
for the PV water pumping system 1s lower The Waterfank — [$2160 52160
fuel costs represent 48 percent of the total LCC -
Replacements Sclwackpunp| Saoln motor
for the conventional technology system Figure 4 10 year DUME 6 veor
shows that in spite of higher mitial solar energy - 4 .
cipital costs, after six years, the PV system actually Operation and 1 anitcl capat L2007 ve 1
represents a lower overall cost to the opetator maintenance 'cost
O&M transportation $72 - 12 ,isit 312 Frwvts
Fuel costs Ncne 2078 It -rs/year
$982/vear
Figure 3 Figure 4
ol | ] $26 000
Capital
Costs [ ] Photovoltaic System Conventional System
Equipment <
Repiacements Conventional System $20 000 |-
Operation &
Maintenance $15000 -
o Photovoliaic System
O&M >
Transportafion g z
$10 000 }-
Fuel
- $5 000 |~
LCC -
20 years (TP S o Er ks
® o QQO o QQQ P (Yo J W O O N T O OO O T T Y O O T Y O O
SN N A= G 2 4 6 8 10 12 14 16 18 20
($US) Years
Cose stusdy provaded cons ton of Sand Naro il Taboraroies and Sontln ot Tovas State Unn oan
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For Addmonal Information

Paul Khmas, Team Leader, Renewable Energy or
Patricia Flanagan, Deputy Team Leader

Office of Energy, Environment, and Technology
US Agency for International Development
Ronald Reagan Building
Room 3 08
1300 Pennsylvania Ave , N'W
Washington, D C 20523
Tel 202 712-1750 -
Fax 202 216-3230
E-maill pklimas@usaid gov
- pflanagan@usaid gov

Renewable Energy &
Agriculture Links

Center for Renewable
Energy and Sustamable

Technology (CREST) www solstice crest 014
Nauonal Rural Electric

Cooperative Association '
(NRECA) WIWW Breca org
Wunrock International www winvock oryg

National Renewable Energy
Laboratory (NREL) www nvel gov

Sandia National Laboratories www sandia gov

US Department of Agnculture  www usda gov

This gurde was produced for USAID’s Office of Energy, Envivonment, and Technology by
the USAID Envivonment Information Clearinghouse in cooperation with Hagler Bailly Sevvices, Inc
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